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NOTICES

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.
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1. INTRODUCTION

Proper deployment and accurate targeting of precision guided munitions depend
partly on knowledge of wind velocity, ceiling, and electro-optical extinction
in the target area. Knowledge of wind in the target area is crucial for the
correct placement of smoke munitions, since wind velocity near the location
where the artillery is deployed may differ considerably from that near the
target. The ability to accurately estimate atmospheric characteristics in the
target area also should permit the more efficient use of both guided and
unguided munitions and thereby reduce the number of rounds needed to
accomplish a specific task.

Wind velocity, ceiling, and volume extinction coefficient may be computed by
methods (developed in this report) that use only data currently acquired by a
remotely piloted vehicle (RPV). No new instrumentation is required; the input
consists of flight data and data from an on-board imaging system. Since some
of the principal uses of RPV now and in the near future' are surveillance of
enemy-held territory and target detection and designation, techniques
developed herein may be used to describe the above atmospheric variables in
the data silent region near the target while tne aircraft performs other
missions such as surveillance. (See Robinson2 for a general description of a
number of RPV and their instrumentation and Elson' for information on the RPV
system being developed for the Army.)

The data for the first algorithm for wind velocity, which uses along-wind
information, consists of heading, airspeed, and ground speed (or distance
flown and time to fly that distance) for two perpendicular courses. The
second wind velocity algorithm, which uses crosswind information, requires
heading, airspeed, and drift or correction angle for two perpendicular
courses. Input for the algorithm for computation of volume extinction
coefficient consists of horizontal flight or ground distance, altitude, angles
between the vertical and the line of sight (LOS) to the radiating surface, and
radiances or equivalent voltages from the radiating surface to the RPV over
two separate paths. The ceiling algorithm includes horizontal flight or
ground distance, altitude, angle between the flight path and the LOS to the
cloudbase, and the angle between the flight path and the LOS to a landmark
vertically below the viewed cloudbase. These methods are embodied in computer
programs that can be run on a desktop computer. An alternate shorter program
is presented for calculation of wind velocity when both headings are known.
The computer codes, in BASIC, are shown in the appendix.

IM. H. Crowell, 1980, A Survey of Simulation and Test Results for Assessing
RPV Performance in a WSIC Environment, Final Report SPC 615, prepared by
Systems Planning Corporation for PMD, Tactical Airborne Remotely Piloted
Vehicle/Drone Systems, US Army Aviation R&D Command, Contract DAAK50-80-
C-0011, Saint Louis, MO, 50 pp

2A. Robinson, 1980, "Battlefield Reconnaissance: Penetrating the Fog of War,"
Militar Tech and Econ, 4(15):33-42

1B. M. Elson, 1980, "Mini-RPV Being Developed for Army," Aviation Week and
Space Technologv, 7 January 1980, pp 2-7
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2. ALGORITHMS

The algorithms described in this report are mathematically simple and easy to
understand. The manual versions of these procedures require only a simple
calculator or trigonometric tables, graph paper, a fine-scaled ruler, and a
pencil and paper. A desktop computer able to use BASIC is sufficient to
perform the automated versions. The operator need only type in the requested
quanti ties.

2.1 Wind Velocity

2.1.1 First Technique: Distance and Time Input

The input data are (1) airspeed in meters per second along the initial course
and the second perpendicular path (X and Y), (2) distance in meters along each
path and the associated time in seconds (DO Tx and Dy, TY), and (3) heading
(direction to) of each course (Or, and Dr2 ). To obtain ground speed (Xg and

Yg), simply divide the distances by the appropriate times (Xg = Dx/Tx, Yg =

Dy/Ty). Subtracting X from X9 gives the difference C; similarly Yg - Y = D.
The windspeed (V) is computed from the formula for the hypotenuse of a right

triangle. V = (C + D

The computation of wind direction (Dir) in the desktop computer version
requires values of C, D, Or,, and Or2. If either Dr, or ')r2 is missing (input
a 999 for the missing value) two values of Dir are computed, one of which is
correct. The correct value may be determined with the aid of other
information (for example, a synoptic chart can indicate which of the two
values is most likely). When both Dr, and Dr2 are not available, a message is
printed saying that no directions were given or computed. A further condition
for the computation of direction is whether the orientation of the flight
paths is "right" or "left." In the context of this report, the orientation is
determined by whether the Y vector is to the right or left of the X vector
when facing the direction of flight along the X vector (that is, toward
Or,). Numerically, "right" occurs when Dr2 > Dr, (3600 added to Dr2 if Or, <

900 and 2700 < Dr, < 3600) and "left" occurs when Dr, > Dr2 (3600 added to Dr,
if Dr, < 900 and 2700 < Dr2 < 3600).

A "flowchart" (partly in plain English) can provide a better understanding of
the intricacies of the first method than a written explanation which could be
tedious and somewhat confusing for the reader. Such a chart is presented in
figure 1. Figure 2 illustrates the computation of wind velocity for a left
orientation when C > 0 and D < 0, in the case of both Dr, and Dr, known.
These two figures should be used together to gain a basic understanding of the
first technique.

The present form of this algorithm uses distance flown and time to fly that
distance to compute ground speed. Simple modifications to the program will
permit ground speed to be input directly. The input routine would need a
slight modification, and the simple computation of ground speed would be
eliminated.

8



START

Input for two perpendicular courses:

(1) Airspeeds inmeters/second (X,Y)

(2) Distances in meters (DX' Dj)

and times in seconds (Tx. Ty)

(3) Headings (Or1, Or-2)
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of the wind
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00 or 3600

2700 V P 100

gY, Y
I Dr,

Pr2

IP00

Figure 2. fliustration of the computation of wind velocity by the first
algorithm where the orientation is "left," C > 0 and D < 0, and
both Dr, and Dr2 are known. X and Y are airspeeds and X and Yg
are ground speeds. C = X - X and D Y - Y. V is the wind vector
and P and Q are compute hy the arctangents of the absolute values
of C/D and D/C, respectively. Dr, and Dr2 are the directions
toward which the PPV flies along the X and Y flight paths,
respectively. in this exanple, the wind is blowing from a
direction slightly less than 900.
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2.1.2 Second Technique: Drift or Correction Angle Input

The input data are (1) airspeed in meters per second along the two
perpendicular courses (X and Y), (2) a flaq to indicate whether drift (I = 1)
or correction (I = -1) angles are utilized, (3) the drift or correction angles
(A and B) in degrees, and (4) the heading of each course (Dr, and Dr,). An
angle is considered positive if it describes an arc running to the right of
the flight path when facing in the direction of flight. The tangent of the
angle times the relevant airspeed gives the crosswind component for each
course. C = X tan A, D = Y tan B. The windspeed (V) is computed from the

same formula as in the first algorithm; that is V = (C + D) /  .

The computation of wind direction (Dir) requires C, D, Dr,, and Dr2 as
input. If either Or, or Dr2 is missing (input a 999 for the missing value)
two values of Dir are computed, one of which is correct. When both Dr, and
Dr2 are missing, a message is printed saying that no directions were given or
computed. The orientation, left or right, is determined as in the first
method.

A "flowchart" similar to that of figure 1 is presented in figure 3, but for
the second method. Figure 4 illustrates the computation of wind velocity for
a right orientation where C > 0 and D < 0, when both Dr, and Dr2 are known.
These two figures should be used together to gain a basic understanding of the
second technique.

2.1.3 A Shorter Version

A shorter version of the computer program was developed that has about two-
thirds the number of statements and storage requirement as the program
described in sections 2.1.1 and 2.1.2 of this report. To reduce the number of
statements, it was assumed that Dr, and Dr2 would always be known. If either
direction is unknown, this program can be run twice with the unknown direction
= the known direction +900. (One of the two velocities will be correct.)
Consequently, all statements associated with the extra computation required to
handle the cases of either Dr, or Dr2 unknown were removed, along with those
activated when both directions were missing. A listing of the shorter version
is in the appendix along with the listing of the complete version. Figures 2
and 4 illustrate the output from the shorter program.

2.2 Volume Extinction Coefficient

The computer programs for the calculation of volume extinction coefficient
require the input of either (1) horizontal flight or ground distance, (2)
altitude, (3) or both distance and altitude. If either distance or altitude
is unknown, then (4) the angle between the vertical and the slant path
(technique A) or (5) the angles between the vertical and the two slant paths
(technique B) are input. Finally (6) radiances or (7) equivalent voltages are
entered for the respective views of the radiating surface(s).

The equations are derived by first assuming that the vertical distribution and
amount of scatterers and absorbers in any vertical column of the same height
are constant over the area of interest. This assumption is reasonable to a
fair accuracy over small areas of the order of a few tens of square kilometers
or less, not in the immediate vicinity of atmospheric "discontinuities" such

12



Input for two perpendicular courses:

(1) Airspeed in ms
-' (X, Y)

(2) Whether using drift (I - 1) or correction (I = -1) anqle
(3) Angles in degrees (A, B)

+ if to right of direction of flight
- if to left of direction of flight

(4) Headings (Or1 , Dr2 )

B=IxA

* Compute perpendicular components of the wind

C -X tan A
D -Y tan B

oCompute wcpndspeed
V = (C2 + 02)1/2

i
fisoe ngles relating wind and

flight directions
P = arctan IC/DI

Q = arctan O/Ci
or opposite signs (L = 0)

NihrmsigiBoth missing

,Is Dr and/or Dr2 unknon?

Dr2 missing OrY missing Print "No direction givenor computed"

Dr2  
Print value for w3n6s0Dedr

Is this step in the First I s this step in te First

first or t second pass? first or se cond pass ty

Second ,Second

t f

Is ,, 2 o > 3o, . Is " * Or
Yes ,i o' No Yes No

or, 2 Dr - 360' Or°,° Or, -36'I

Figure 3. Flowchart of the second technique for the computation of wind velocity.
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Set Dir

Determine whether headwind Determine whether headwind
or tailwind or tailwind

(1) If Dr, < 90' and 27
0 ° 

< Dr2 < 360' (1) Same as for®(D

then Dr, = DrI + 3600 (2) Tailwind if: I
If Dr2 < 90' and 210 < Dr, < 3bO' (d) C < 0 and Dr, > Dr 2

then Dr1 = DrI + 3600 (b) C > 0 and 71r1 < r2

(2) Tailwind if:

(a) D > 0 and Dr, > Dr2

(b) D < 0 and Dr, < Dr2

Determine orientation Determine orientation

"Right" if DrI < Dr2  as for

"Left" if Dr, > Dr2

Is orientation "right" and Is orientation "right" and{
L=I(C and D have samew sign)? L = I

or No or
?  

'N

NIo

Is orientation "left" and -Is orientdtion "left" andL =0 (C and D have opposite signs)? L = 0?

Yes 'Ye

Dr Dir = 3 Q

I Ils there tailwind?

es e ir s p NoNo

Yes 10I

I Is Dir < 30?

etur to ,( , abo
Yes f i l Ni o

IS the j fut valthe of Dr I or Dr 2 unk_nown
and does this step end the first pass? l No

I Re-urn to (*) dbovel

Prn ausof windspeed 71d t 7ire ct on"7U-'' L

(2 val,jes f each if ')r| or Dr2 unknown)|

ligure 3 (cont)
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00 or 3600

2700 900

Dr
1800

Figure 4. Illustration of the computation of wind velocity by the second
algorithm where the orientation is "right," C > 0 and D < 0, and
both Dr, and Dr2 are known. The variables shown are the same as in

figure 2 except that A and B are the drift angles (= -correction
angles) for the X and Y flight paths, respectively. The crosswind
components are C = X tan A and B = Y tan B. In this example, the
wind is from slightly less than 360'.
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as a sharp front. Therefore, between a given flight level and the ground, a
change in total mass of absorber or scatterer roughly is denendent only on the
difference in path length.

Taking the ratio of two radiances from the same source but over different path
lengths and using Beer's law, we have:

-k'mZ, -k'mZ1
R,/R, = Roe /Roe

where R = radiance, k' = mass extinction coefficient, m = mass of absorber and
scatterer per unit volume, Z, and Z2 are path lengths, and the subscripts 0,
1, 2 refer to values at the source and at the sensor for the two paths,
respectively. If we let the volume extinction coefficient (k = k'm, and we
factor out Ro, we have

-kZ2 -kZ,
R,/R= e /e

-kZ, + kZ,
=e

k(Z - Z,)
=e

Taking the logarithm, we have:

In (R,/Rl) = k (Z, - Z,)

and for k:

k = In (R2/R,)/(Z, - Z,) (1)

If the RPV can fly directly over the radiating surface, we can use technique A
(see figures 5a and 5b). If overflight is not possible, then use technique B
(figure 5c). These techniques are described below; the reader should refer to
the appropriate figure (5a, b, or c) in the following descriptions.

2.2.1 Technique A: Overflight of Target

Here we assume overflight is possible. The RPV observes two surfaces of
closely similar properties such as different regions of a lake with a very
nearly uniform surface temperature, or it looks at the same surface, once
vertically and again along a slant path.

16

_ _ j ._ - L -- .. -. .. . . . , . . .. .. .



3TARGET

/-/;r, "' C7o 777

Figure 5a. The geometry for finding the volume extinction coefficient
(k = k'm) by viewing the same target. (k' = mass extinction
coefficient, m = mass of absorber and scatter per unit distance.)
x = ground or horizontal distance, s = angle between vertical and
line of sight to target, and Z and Z2 are the vertical and slant
paths.

2

TARGT ITARGET 2

jr

Figure 5b. Finding k by viewing two closely similar targets. Variables are
as in 5a.
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2

II-- X2  ,
j TARGET

xl

Figure 5c. Finding k by viewing the same target along different slant paths

(different anales, both > 00). Here Z = altitude, Z, and Z2 
=

slant paths, R, and R2 = respective radiances,$ I and 82 = angles
between the line of sight to the target and the vertical, and X1
X2 are horizontal distances along the ground or flight path.
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Referring to figures 5a and b, we see that X distance along the ground, Z =
Z, = altitude (vertical path), Zz = slant path, and B = angle between the
vertical and the slant path.

a. If X and Z are known but not B, then

B = arctangent (X/Z)

and Z2 = Z/cos B.

b. If Z and B are known but not X, then as in a

Z, = Z/cos B.

c. If X and B are known but not Z, then

Z2 = X/sin a

and Z = X/tan B

Using equation (1) and the above geometrical relationships, we have for the
first two cases (a, b):

k = In (R,/R,)/Z(I - 1/cos s) (2)

and for the third case (c)

k = in (R,/R,)/X(I/tan B - 1/sin 6) (3)

2.2.2 Technique B: Standoff from Target

Here we assume overflight is not possible. The RPV views the same surface
from two different angles (neither path vertical as in figure 5c) or views two
closely similar surfaces (no figure shown).

Referring to figure 5c, we see that X, and X2 
= horizontal distances along the

flight path or the ground, Z = altitude, Z, and Zz are slant paths, and B, and
s2 are the respective angles between Z, and Z, and the vertical. Therefore:

d. If X,, X2 and Z are known but not B1, Ba, then

0, = arctangent (X,/Z), 02 = arctangent (Xt/Z)

and Z, = Z/cos at, Z: = Z/cos $a

e. If Z and Ba, Ba are known but not Xi, X2, then as in d

Z, = Z/cos 81, Z = Z/cos ex

19



f. If X1 , X, and el, s, are known* but not Z, then

Z, = X1/sin si, Z= = Xg/sin B

and Z = X1/tan s1 = X2/tan 0,

Using equation (1) and the above geometrical relationships, we have for cases

d and e:

k In (R/R)/Z(1/cos o- 1/cos s) (4)

and for case f:

k= in (R/R,)/(X,/sin B, - X,/sin 8,) (5)

However, for E, - 0 isee figure 5c) equation (5) fails. To avoid this
problem, replace Xi/sin Bi with Z (= X2/tan B2) for small values of 8, (

several degree- .: wss). Therefore, in place of equation (5) use:

k = ln (R./R,)/X,(I/tan B, - 1/sin 8) (6)

Note that equations (6) and (3) are the same, where Xz = X and st = 8 (compare
figures 5a and 5c).

2.2.3 Computation of Radiance from Voltage

Modifications of the two techniques were developed where radiance is not input
directly, but is computed from voltages. Commonly, sensors use devices that
transform received energy into voltages, which in turn are converted into
radiances by the means of some algorithm. Although the form of the conversion
algorithm may differ from one sensor to another (for example, linear or
quadratic), a simple linear form was used here only to indicate how such
equations would fit into the techniques described in this report. The
equations have the form R = a + bV where R = radiance, V = voltage, and a and
b are constants determined empirically during calibration. It is assumed that
one voltage is produced for each of the two views of the radiating surface or
target, yielding the two required radiances.

*These computations may be performed if either s, or s, is known. For
example, if X, and o, are known, we can compute Z, and Z. Havinq Z and Xt, we
can then calculate s2.

20



2.2.4 Computer Programs

Four "flowcharts" were constructed to enable the reader to understand the
computer programs more easily and to avoid the possible confusion an entirely
written explanation would cause. The reader should refer to figure 5 when
viewing these flowcharts. Figure 6 shows the chart for technique A, where the
RPV can overfly the target (= radiating surface) and radiances are input.
Figure 7 presents the chart for technique A when voltages are input. Figure 7
differs from figure 6 in the substitution of the voltage input and conversion
algorithm in place of the radiance input statement. Figure 8 has the
flowchart for technique B, where the RPV cannot overfly the target and
radiances are input. Figure 9 illustrates the difference in the flowchart for
technique B when voltage input replaces radiance input; the entire flowchart
is not shown. The programs for both techniques are presented in the appendix.

2.3 Ceiling

Ceiling (c) may be computed by using simple geometry and data from an RPV
carrying a movable sensor active in any imaging wavelength region. The
required input includes (1) upward elevation angle which is the angle between
the flight path and the LOS to cloudbase, and either (2) horizontal flight or
ground distance, (3) altitude, or (4) both altitude and distance. If only
altitude or distance is known, then input (5) the depression angle which is
the angle between the flight path and the LOS to a landmark vertically below
the view of the cloudbase.

Referring to figure 10, we have for the ceiling

c =h+Z

where Z = altitude and h = vertical distance from flight level to cloudbase.
Furthermore, h = Xtan B, where X = horizontal flight or ground distance and B
= upward elevation angle. Substituting for h, we have for the case of X and Z
known:

c = Z + Xtan B (7)

If X is known but not Z, we have for Z

Z = Xtan ,

where u depression angle. Using equation (7) and substituting for 7, we
have for c

c = Xtan a + Xtan B

= X (tan a + tan a)

If Z is known but not X, we have for X

X = Z ctn a
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[Sp t rznalte()Inu distance (I) and attd Z

imeesin meters altitude (Z) in neters

Input vertical and slant path radiances (R, Pi

[Change units of X and Z to kilometers

Cosm-cpute value of extinction
oe .coefficient (Alpha)
AlAlha = Al/fa/(X*1//TA(RetaVI

N'tput value of ATI,'

Figure 6. Flowchart of technique A for estimation of volume extinction coefficient.
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Compute radiances (Ri. R2):
RI= A + B*VI
R2 = A + B*V2
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I = 3
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In place of:

Input slant path radiances (R1, R2)

substitute:

Inp7ut voltage coefficients (A, 9)]

!oput voltages for both slant paths (VI , V2)1

Compute radiances (RI , R 2

RI = A + B*V1
R2 = A + B*V2

Figure 9. Change in the flowchart (figure 8) for estimation of extinction
coefficient with two slant paths when voltage input replaces
radiance input.
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Using equation (7) and substituting for X, we have for c

c = Z + Z ctn a tan 8

= Z (1 + tan 8/tan a)

It has been assumed that the cloudbase can be observed directly above the
landmark from the RPV (see figure 10). The computation of c becomes less
accurate as the cloudbase to landmark path departs from vertical, although a
departure of only a few degrees is not significant. Furthermore, it is
assumed that the distance X is the same for both views, to the cloudbase and
to the landmark. The value of c will depart from the real value as the
difference in X for the two views. This problem could be solved if a side
looking sensor was used or the RPV flew at a low speed and X was large. For
example, relatively little degradation will occur if the speed of the RPV = 20
ms-1, X = 4000 m, and the sensor viewed both scenes within 2 s.

The program for calculation of ceiling is presented as a "flowchart" in figure
11. The reader also should refer to figure 10 as an aid to understanding the
flowchart. The computer code for this program is presented in the appendix.

3. SAMPLE COMPUTER RUNS

3.1 Wind Velocity

Four examples, two for each algorithm, are presented in this section to better
demonstrate the computation of wind velocity by the two methods. For each
example, a table shows the calculations required and an accompanying graph
shows the graphical solution. Each set of one table and one graph is
presented in the form of one figure for ease of understanding (figures 12
through 15). Although more than four situations exist (for example, "right"
orientation for both C and D > 0 and both Dr, and Dr2 known), to include them
all for both methods would make this report unnecessarily large and tedious.
Table 1 gives the computer output for these four examples.

Figures 12 and 13 present solutions for the first algor i In Yfi e 12,
C > 0 and D < 0, and the orientation is not known since only Dr2 is given.
Two solutions are computed, one of which is correct. Figure 13 has a "left"
orientation where C < 0 and D > 0. Figure 2 and section 2.1.1 describe the
relevant vari abl es.

Figures 14 and 15 show solutions for the second algorithm. Figure 14 has an
orientation that is "left" and C and D are negative. In figure 15, the
orientation is unknown since only Dr, is known, and C and D are both
positive. Figure 4 and section 2.1.2 describe the relevant variables.

3.2 Extinction Coefficient and Ceiling

A series of runs of the ceiling and the extinction coefficient (radiance
input) programs were made to illustrate the algorithms. Sample output from
the extinction programs that input voltage are not shown here because they
essentially repeat the results of the radiance versions and a lengthy series
of examples would be unnecessarily tedious. Tables 2 and 3 show computations
for both techniques in which both manual and computer-generated values are
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shown. Input values are listed with the appropriate equations. The radiance
values have no specific units since they could have any standard (or

nonstandard) units without affecting the results. In any case, the ratio of

the radiances is dimensionless. Also, the values of k in these tables were

computed for comparison and technique demonstration purposes, assuming perfect

input. In the real world, the last two or three digits to the right of the

decimal point probably would be meaningless.

Ceiling computations are shown in table 4 in a format similar to that of

tables 2 and 3. Input values are listed along with the appropriate equations

and both manjal and computer-generated values are shown. Finally, table 5

presents samples of output from the computer programs used to generate the

values in tables 2 through 4, and output from the "voltage" versions of the
extinction programs.

CLOUD

LANDMARK

Figure 10. Geometry for estimation of ceiling ( c = h + z) where z =

altitude, h = height of cloudbase above flight level, x = ground
distance, and a and a are angles relating z and h to x,
respectively.
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. ,,

START

[Set horizontal distance (X) and altitude (Z) 01

I
.et flag: I = 1, only distance knowi

I = 2, only altitude known
= 3, both known

inifat upward el;,Vation angle (Reta)

r

1 _2 1 3
input distance (X) 1Input altitude (Z) Input distance (X)

in metersi in meters and altitude (M)
and depression angle and depression angle in meters
(Alpha) in degrees (Alpha) in degreesi

Compute Ceiling (C): 1Compute Ceiling (C): ICompute Ceiling:
C X*(TAN(Alpha) + I C = Z + (1 + TAN(Beta)/ C = Z + X'TAN (Beta)

TAN (Beta)) J TAN (Alpha))

G0utput value of C]

Figure 11. Flowchart for the estimation of ceiling.
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K = 75 ins -1  Lx = 3000 m Tx = 30 s Dr, = 9990 (unknown)

Y = 90 ,Is-  Dy = 3000 T = 50 s Dr2 = 285'

X 9 Ox/ Tx = 100 fs
"I  Yg Dy/Ty = 60 ms "I

C K 9 X = 25 ms "' D Y9 - Y = -30 ms 1

V (C2  D D2)1/2 = 39.1 ;ns"I

P = arCtdn IC/DI = 39.8* drctan D/Cj = 50.21

Dr, = Dr2 ± 90' 1950 or 3/5' - 360' 15'

(1) Dir Dr2 - P = 245.?0

(2) Dir Dr2 + P = 324.8"

00

or360 °  PrI

Xg

Dr2  Y

2700 Y 0

Q V

C

Xg

1800

Figure 12. Use of method I to compute wind velocity. Variables are explained
in figure 2 and first technique. Only Dr2 is known, and C > 0 and
0 < 0. Two values of Dr2 , X, Xg, V, P., Q, C, and D are shown
because Dr, may be 15 ° or 1950. Two wind velocities (V) are
computed.
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X 70rms -  Dx = 4000 m Tx = 68 s DrI = 3450

Y =80 ins I  D = 5000 m Ty = 60 s Dr2 = 255'

Xg= Dx/Tx 58.8 ms- I  Y9 = Dy/Ty = 83.3 ms- I

C - X -11.2 ms" I  D = Y - Y = 3.3 ms- I

V = (C2 + 02)112 = 11.7 ms-1

P drctdn C/Di = 73.60 Q = arctan D/C( = 16.40

Dir = Dr, + Q = 345 + 16.4 = 361.4 = 361.4 -360 1.40

0 or 3600

Dr1

C

x
9

D

2700 ' 90 0

1800

Figure 13. Use of method 1 to compute wind velocity when both Dr, and Dr2 are
known. Variables are explained in figure 2 and first technique.
Here C < 0 and D > 0. The orientation of this figure is "left."
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UI

Y :/ "'s'A! 2- '.,r,9 ' (/J

A I x A -30

B I x 8 = -10°

C = X tan A = -3.6 ms- I

D Y tan B = -13.3* ms- I

V = (C2 + 02)1/2 = 14.3 ms- I

P = arctani JC/Ol = 14.60

Q = arctan D/Cl = 75.40

Dir = Dr, + P = 104.6 °

0 or 3600
nr2

P

2700 " • J rl--Oo

Figure 14. Use of method 2 to compute wind velocity when both Dr, and nr 2 are
known. Variables are expidined in figure 4 and second technique.

3oth C and D are negative. The orientation of this figure is
"left.
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X = 50 ms A = -15 °  Dr, = 245 0  1=-I

Y = 50 ins-1  B = -25' Dr2 = 9990 (unknown)

A = I x A = 15
°

B = I x B = 250

C = X tan A = 13.4 ms-
I

D = Y tan B = 23.3 ms-I

V = (C2 + 02)1/2 = 26.9 ms 1

P = arctan ICOl = 29.90

Q = arctan ID/Cl = 60.10

Dr2 = Dr, t 900 = 3350 or 1550

(1) Dir = Dr, - P = 215.10

(2) Dir = Dr1 + P + 180 = 454.9 - 360 = 94.90

Dr2  0 or 3600

n

2700 900

CY

DrlJ

Dr 
2

1800

Figure 15. use of method 2 to compuite wind velocity. Variables are explained

in figure 4 and second technique. Only Or1 is known, and C and D

are both positive. More than one value of some variables is shown

because Dr2 Tfdy be 155 ° or 335%• Two wind velocities (V) are

computed.
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TABLE 1. COMPUTER OUTPUT FOR THE FOUR EXAMPLES OF FIGURES 12 THROUGH 15.
AS NOTED IN THOSE FIGURES, TWO ANSWERS ARE GIVEl WHEN ONE HEAnIIG
IS UNKNOWN. THE MOST PROBABLE OF THE TWO WIND DIRECTIONS
IS DETERMINED WITH THE AID OF OTHER DATA (FOR EXAMPLE, A
SYNOPTIC CHART).

5 WIND VELOCITY

Windspeed = 39.1 ms"I  Wind direction = 245.2 °

Windspeed = 39.1 ms"1  Wind direction = 324.80

ONE ANSWER IS CORRECT

6 WIND VELOCITY

Windspeed = 11.7 s-I Wind direction = 1.60

7 WIND VELOCITY

Windspeed = 14.2 ms"1 Wind direction = 104.7o

8 WIND VELOCITY

Windspeed = 26.9 ms-1  Wind direction = 215.1*

Windspeed = 26.9 ms-1 Wind direction = 94.9

ONE ANSWER IS CORRECT

TABLE 2. SAMPLE COMPUTATIONS OF VOLUME EXTINCTION COEFFICIENT USING TECHNIQUE

A WITH RADIANCE INPUT. k - VOLUME EXTINCTION COEFFICIENT, X =

HORIZONTAL DISTANCE, Z = ALTITUDE, B - ANGLE BETWEEN VERTICAL AND

LOS TO TARGET, AND R AND R1 = RADIANCES FROM THE TARGET WITH

VERTICAL AND SLANT VIEWING, RESPECTIVELY. FOR THESE EXAMPLES

R = 100 AND R, 0 25 UNITS; THEREFORE, R1/R 
= 0.25 and In (RI/R) =

-1.3863. NOTE THAT HERE AND IN THE COMPUTER PROGRAMS RI = R2 OF

EQUATION (3) AND R = R1 OF EQUATION (3).

Known Variables Equations and "Manual" Values Computer Values

a) X = 1000 m = 1.0 km B = arctan (X/Z)

Z = 200 m =0.2 km = 78.690

k = In RI/R/Z(1 - 1/cos B)

= -1.3863/0.2(1 - 5.0990)

= 1.6910 km
"!  1.6910 km

- 1

b) Z = 300 m 0.3 km k = -1.3863/Z(1 - 1/cos B)

B = 65°  = -1.3863/0.3(1 - 2.3662)

- 3.3824 km
1  3.3824 km

"1

c) X = 600 m = 0.6 km k = -1.3863/X(1/tan B - 1/sin B)

B = 500 = -1.3863/0.6(0.8391 - 1.3054)

- 4.9550 km"
1  4.9549 km-1
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TABLE 3. SAMPLE COMIPUTATIOrS OF VOLUMlE EXTINJCTION COEFFICIE:T USI-IG TECONIQO[ P

WITH RAOIANCE INPUT. k = VOLUME EXTINC.'ION COEFFICIENT, X, AND X2

HORIZONTAL DISTANCE. Z = ALTITUDE, a, AND B2 = ANGLES BETWEEN VERTICAL

AND LOS TO TARGET, AND RI AND R? 
= 

RADIANCE FROM THE TARGET ALONG TH TWO

SLANT PATHS. FOR THESK EXAMPLES, RI = 100 AN) R2 = 30 UNITS; THEREFORE,

R20, = 0.33 AND In (RI/R 2 ) = -1.2040.

-----Known V 3_riab-les . Euations and "Manual" Values-------- Computr Val aes _

a) X, z 330 m = 0.3 km s, ar,:tanqent (XI/.) = 30.96*

X, = 1500 m 
= 3.5 km s = arctanqent (X?/Z) = 71.527

Z 510 m 
= 0).5 km

k = In (R?/R1)f?(Ifcos nI - 1/cos

= -1.2040/0.5(1.661 - 3.1631)

1.?058 km
-  

1.2063 km
-
I

b) Z z SO30 m = 0.5 km k = -I.?)40/0.5(I.j642 - 2.234)
= 200 1.2949 km

-4  I.?(4 Km
-

= 70

c) X, 200 A 3.? km k 
= 

1..04J/-K 1 sin :i - /sin I,)

X, 2030 n 2.0 km -1.2040/(,).7?? - ?.1347)

I S' 0.8840 K-n
-i  ).839 k

I

3, 69.530

d) X1  43 m 3.14 km k -1 .?04),'X 2 (I!tan - 1!sin 2)

X) 1500 m 1.5 km -1.2040/ .5( 1.'Q - .1220)

' 0 30 - 1. 3091 kn
-i  1.301Y) k-

-1

63.03'

TAtLE 4. SAMPLE ,OMPJTATI)N OF CEILING. c = CEILING ( YEIHT 'IF CLOUD'3ASE),
7 = ALTITUDE, h = HEIGHT ,OF CLOUIODASE Ag)VE FLIGHT PATH, X 

=

HPRIZ1NT4L OISTANC, ,i = UPWAR11 FLEVATION AGI.E RTWEIN FLIGHT PAtH
ANO LUS TO CLOUDRASE, AND I = ;)EPRFSSI3N ANGLE QlTWFEN LIGT P4TH
AN7) LOS 7) LAIDMARK (VERTICALLY BIELOW VI,'4 OF CLCIODASE). C0MPiTr:
VALWES OF c ARE TO THE NEAREST METER.

Known Variables Equations and 'lanual" Values Com,'t~r Valuns

a) X 7, n c Z Xtan 3

7 0 150 m - 15 r.) 2"13

22= 433 n 433 n

b) 7=300 m C 7 (I + tan I/tan)

3 o 140 303(1 + 0.2493313.11:33)

100 0 724 in 721 n

c) X 1000 m c 0 X(tan , + tan R)

0 0 200 1000(0.S/735 + 0.36397)

= 30 941 m 441 :3
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TABLE 5. SAMPLES OF OUTPUT FROM THE COMPUTER PROGRAMS FOR CEILING AND VOLUME

EXTINCTION COEFFICIENT. ONLY THE ANSWER (FOR EXAMPLE, Ceiling =

100 m) IS PRINTED BY THE COMPUTER. SINCE THE DESKTOP COMPUTER

CANNOT PRINT SUPERSCRIPTS, km-' IS PRINTED AS I/km.

1. Ceiling given altitude (Z) = 150 m, horizontal distance (X) = 700 m, and

elevation angle (P) = 220.

Ceiling = 433 m

2. Volume extinction coefficient using one slant path given Z = 200 m, X -

450 m, and radiances (R and RI) = 110 and 25 units.

Volume extinction coefficient = 5.0663 I/km

3. Volume extinction coefficient using two slant paths given horizontal

distances (X1 and X2) = 200 and 1800 m, one of the two angles between the

LOS to the target and the vertical (sI) = 180, and radiances (R1 and R2 ) =

100 and 20 units.

Volume extinction coefficient = 1.2823 I/km

4. Volume extinction coefficient using one slant path, and using voltages as

input given Z = 200 m, X = 450 m, voltage coefficients (A and B) = 2.2 and

11.0, and voltages (VI and V2) = 8.0 and 2.0 v.

Volume extinction coefficient = 4.4989 1/km

5. Volume extinction coefficient using two slant paths, and using voltages as

input given Z = 200 m, X, and X2 = 200 and 450 m, 81 = 450, A and B = 2.2

and 11.0, and V, and V2 = 8.0 and 2.0 v.

Volume extinction coefficient = 6.2771 1/km

4. CONCLUSION

Useful tools for silent area analysis have been developed in the form of
simple methods for the computation of wind velocity, ceiling, and volume
extinction coefficient. These algorithms use information already gathered by
an RPV of the type being developed for the Army; no new instrumentation is
required. Windspeed should be accurate to several tenths of a meter per
second and wind direction to less than a degree, assuming that the input is
"perfectly" accurate. Similarly, ceiling should be correct to about 1 or 2
percent and extinction coefficient to about 10 percent. However, under
operational conditions, the accuracy of the input data probably would
determine the accuracy of the output.

Computations may be performed via a desktop computer able to use the BASIC
computer language, or by the use of a hand-held calculator, a fine-scaled
ruler, and graph paper. The former technique only requires the operator to
input numbers that are specifically requested; the latter manual technique
requires some knowledge of the situation.
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APPENDIX

COMPUTER CODES IN BASIC FOR THE RPV PROGRAMS

(A) is the full version and (B) is the shortened version of the wind velocity
program; (C) is the ceiling program; (D) and (E) are the extinction coeffi-
cient programs with one and two slant paths, respectively; (F) and (G) are the
extinction coeff4cient programs using voltage inputs, with one and two slant
paths, respectively. S

tO I

20 I COMPUTE WIND VELOCITY USING RPV PROGRAM
30
40 A$="Wind Speed
50 B$"Wind Direction =
60 D$-" ras"
70 E$" Degrees*
80 F$"WIND VELOCITY"
90 H=O
tO0 M=O
110 INPUT "Input L-1 to compute V using Method I or L-2 for Method 2",L
120 IF L-2 THEN GOTO Math
130 INPUT "Input airspeeds in m/s (X and Y)",X,Y
140 INPUT "Input distances<m) and times(s) (Dx,TxDyTy)",Dx,Tx,Dy,T .
150 INPUT "Input headings in degrees (Dri and Dr2)",Dr1,Dr2
160 PRINT USING Heading;F$
170 Heading: IMAGE 15X,13A,2/
180 GOTO Anda
190 Math: INPUT "Input airspeeds in m/s (X and Y)",X,Y
200 INPUT "Input whether drift (1=1) or correction (1=-1) angle",I
210 INPUT "Input angles in degrees (A and 8)",A,B
220 INPUT "Input headings in degrees (Dri and Dr2)",Drl,Dr2
230 A=I*A
240 B=1*8
250 PRINT USING Heading;F$
260 GOTO Otra
270 Anda: CALL Comp1(X,Y,Ox,Tx,Dy,Ty,Orf,Or2,V,ir,N
200 GOTO Printer
290 Otra: CALL Corp2(X,Y.A,B,Drl,Dr2,U,V,Dir,IM)
300 Printer: PRINT USING Title;A$,V,D$,B$,Dir,E*
310 Title: IMAGE 5X,13A,DDD.D,4A,5X,7A,DDD.DSA,/
320 IF N-1 THEN GOTO Anda
33u IF M-I THEN GOTO Otra
340 IF (N2) OR (M=2) THEN PRINT ' ONE ANSWER IS CORRECT"
350 PRINT USING Out
360 Out: IMAGE 5X,6/
3'0 END
380
390 I
400 1 SUBPROGRAMS
410 I
420 I
430 SUB ComplX,Y,Dx,Tx,D,Ty.DrI ,Dt-2,V.Dir,H)
440 I
450 Dir-O
460 DEG
470 L-0
480 Xg=Dx/Tx
490 Yg-Dy/Ty
500 C-Xg-X
510 D=Yg-Y
520 V=(C-2*D^2) .5
530 IF C-0 THEN Cs.001
540 IF D=0 THEN D-.00l
55o !
560 Computation of Direction
570
580 P'ATN(ABS(C/D))
590 O-ATN(ABS< D/C')
600 Ir (C>0) AND (D)O' OR (r<0) ANIt (D<O) THEN L=1
610 DronmDr1
620 Drto-Dr2
630 IF Drta999 THEN GOTO Second Is Dri missing'
640 IF Dr2-999 THEN Drto=Drl490 Is Dr2 missing'
o50 IF (Dr2-99") ANrP N1 ) TNFN DrtoDrl-9
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bt-U IF 1)t to (1 1 H&H 1 Drt''~ *b6U
6,70C IF Ur t o.6 H FNh Lrt'r,Pr" t C--
60 I,1) 1F ( r on( <(I AND ( Dr tc, L=,Y .Yl ( Dr to;=7A :1 THEN Oror=rt crt+ 3I
6 90 IF <Dr-toC=90) AND ( Dror,>=270 )M[ fN Li ton< 3bu THEt 'tDrcqi

D0 Dirt= br I -Q H He. d r.d
710 IF .Drto<Dron,) AND (L=O) THEN Dir~fri.Q

720C IF Drto>Drcn', AND (L-=I ) THEN D-ir~rl+O1
730 IF COG THEN Dir-Dir-l90 ri i
7140 GOTO Direct
750 Second: IF Dr-2=999 THEN GOTO Alt H er Eri I Lrr iir

60 Dron=Dr2+90 j mr- ir mIssi

70 I F H-IiHEN tyron-hrZ.-90
:u IF DronCO THEN Dron=(-ro-r,*36o

90 IF Dron>360 THEN4 Urnbror-36i0
@UO IF (Dron<=90) AND (Drt..>=270 0*C 'rr<f END rMrc--

$1 0 IF ( Dr to <r9O 0 AND Dr-o n >27 0 t41- b Drr3 C, .T THEt N Dr tcI-r to*+3
-23Cu DirmOr2+- He:, I

;33 0 IF 'Dr to< Dr on 3AND C. L=0 * THF N C' i r =Lr v~
:4 0 IF 'D r t o r r r AND L '1 I TH H (nir4=0r?-F

a5 I F D.'0 THEN L)r=Lir+1 ! I, sor,
:30 OTO Direct

8-70 Alt : -RINT "NO DIRECTION GIVEN OF COMFUITEDI
:80 Direct: IF DirJ36O THEN Dir=D)ir-361'
890 IF Dir<0 THEN Dir=[ir363
900 IF (Dr 1=999) OR -'Dr2=999 1 THEN N=N+1
H4 0 SUBEND,

'1 L SUB Comp2'. Y, A, B,DUr 1I Dr 2, U. V.UDi r. I M '

96 0 Di1

970 K=0
'33 0 U=0
930 DEC

1'0.0 0JCLX*TAN(RA)
1 010( D=Y*TANB 8)
1 02 0 V=( C'^2.D'2,' F
1030 IF C=O THEN C=.001
1040 IF D=0 THEN D=.001
1 ;5 j)
1060 Computation of Direction
1:070

030 P=ATN(ABS(C/D))
1 09 0 Q=ATN( AS(D/C ))
1100 IF (C >0 ) AND (<0>0', OF .Cs,0 AN!, (DK.0 THEN Ktl1
II1 0 Dron=rlr I
120 Drto=Dr2

1130 IF Drla999 THEN COTO Second Is Dr-I ffiisZ'.fit

1140 IF Dr2a999 THEN Drto=Drl.90 Is Dr- missirg--
1 150 I F (Dr2=999) AND (M-1) THEN Dr t o-Dr 1-9 0
:160 IF DrtoCO THEN Drto=Drto+360
170 IF Drto'>360 THEN Drto=Drto-360

1180 IF <Dron<-90) AND CDrtco=270) MND 'Drto<=360, THEN Dror=Dron,+36(0
1 190 I F r(Drto<=9O) AND (Dron>=270) HND <DronK"=360) THEN D~rtot'rtC.3,60,
'200 IF <0>0.) AND (Dron>Drto THEN U=I Test fo3r tailwzr'n
1210 IF (0<0) AND '(Dron<Drto) THEN U=1 Test for tailwind
1220 Dir=Drl-P Headwind
1230 IF (Dron>Drto) AND (F=l I THEN bir=Drl+P
1240 IF (Dron<Drto) AND <K=0) THEN Dir=Drl+P
1250 IF U=1 THEN Dar-Dir+1S0 ITali~wnd
1260 GOTO Direct
1270 Second: IF 0r2-999 THEN COTO Alt IAre DrI &Dr-2 missing?,
1280 Dron-Dr-2+90 Only DrI is missina
1290 IF M=1 THEN Dr-onwDr2-90
1300 IF Dron<O THEN Dr-on=Dr-on+360
1710 IF Dron>360 THEN4 DronrDror,-360
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i ~~~ ~ : C .I... it i

£5 F ,.br to - "2 .) JfI Dr ., -2K0 ' -{u 2, .' ..- I' ,-:?- 't-: L.. ..

4II It- KL,.hj -H RN , r .-r , 'V, : . Z - : : . . . ..

.3.50 IF '(>0) AND ,:frrn, t. THEh i fr,.I t i rI
60 r- r + 1! 1 n,

* '.'u IF ',rorc >Drtto AI-i 1N - THEN 11r:t r -
;q 0 IF :&- or,:;.Ert-n AN C t- i, THEN r .:,,' --)
.39 0 IF -1 HEN Dir1bi,+1 - 1 i,)
4I0 G'uT Direct
410 Al t : RI "NO :IRECTIth GI,.E! OP CO'lIFLTEr"
.4.2 0 bircct,. IF Dir.'360 1HEN Lr-L' r-36i
;10 IF DirKO THEN Dir ir'.

144 f IF ,Dr I =999 0 R bi ':S) T Hc -t i'

50 SI E:EH'
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20 COMPUTE WIND VELOCITY USING RPV PROGRAM - MINI VERSION
303
-$0 A$="Wind Speed =
50 B$="Wind Direction "
60 D$=" m/s"
70 E$=" Degrees"
80 FS="WIND VELOCITY"
90 INPUT "Input L=1 to compute V using Method 1 or L=2 for Method 2".L
100 IF L=2 THEN GOTO Meth
110 INPUT "Input airspeeds in m/s (X and Y)",X,Y
120 INPUT "Input distances(m) and times(s) (Dx,Tx,Dy,Ty)",Dx,Tx,Dy,Ty
130 INPUT "Input headings in degrees (Dri and Dr2)",Drl,Dr2
140 PRINT USING Heading;F$
150 Heading: IMAGE 15X,13A,2/
160 GOTO Anda
170 Meth: INPUT "Input airspeeds in m/s (X and Y)",XY
ISO INPUT "Input whether drift (1=1) or correction <I=-I) angle",I
190 INPUT "Input angles in degrees (A and B)".AB
200 INPUT "Input headings in degrees (Dri and Dr2)",Dr1..Dr2
210 A=I*A
220 B=I*B
230 PRINT USING Heading;FS
240 GOTO Otra
250 Anda: CALL Compl(X,Y,Dx,Tx,DyTy,brl,Dr2,V,Dir,
260 GOTO Printer
270 Otra: CALL Comp2<X,Y,AB,Drl,Dr2,UV,Dir,I)
280 Printer: PRINT USING Title:.A$,V,D$,B$,Dir,E$
290 Title: IMAGE 5X,13ADDD.D,4A,5X.17A,DDD.D,SA,?
300 PRINT USING Out
310 Out: IMAGE 5X.6/
320 END
330
340 1
350 SUBPROGRAMS
360 1
370 I
380 SUB Compl(X,Y,Dx,Tx, D,Ty,Drl,Dr2,V,Dir)
390
400 Dir=O
410 DEG
420 L=O
430 Xg=Dx/Tx
440 Yg=Dy/'Ty
450 C=Xg-X
460 D=Yg-Y
470 '=(C"'2+D'2).5
480 IF C=O THEN C=.001
490 IF D=O THEN D=.001
500 !
510 I .omputation of Direction
520 I
530 Q=ATN(ABS(D/C))
540 IF (C>O) AND (D>O) OR (C<O) AND (D<O) THEN L=
550 Dron=Drl
560 Drto=Dr2
570 IF (Dron<=90) AND (Drto>=270) AND <Drto<=360) THEN Dron=Dron+360
580 IF (Drto<=90) AND (Dror,>=270) AND <Dron<=360) THEN Drto=Drto+360
590 Dir=Drl-Q Headwind
600 IF (Drto<Dron) AND (L-O) THEN Dir=Drl+Q
610 IF (Drto>Dron) AND (L=1) THEN Dir=Drl+Q
620 IF C)O THEN Dir=Dir+1B0 Tailwind
630 IF Dir>360 THEN Dir=Dir-360
640 IF Dir<0 THEN Dir=Dir+360
A50 SUPFND
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b80 SUB Comp2(X,V.M,B,DrI .Ct- .U,V.Dlir, I

uu Dir=O
l K=O

I' U7.I
DEG

,40 C=X*TI4N(A)

." D=Y*THN( B)
bU- (L60'Y.

Ll IF C=O THEN C=.001
,so IF 0="t THEN D=.001

dU' u i Computatiorn of Direction

ii P=ATN ASS( CAD)
330 IF (. C 0. ANr) < D>' 1 OFR < C. 0 ) AND <D< 0 ) HEn A
~40 Djror,Pr 1
s5 0 Drto=[r 2
El Yu IF Drorn<=9O ) AND (Dr tc>2?C, ) AND < Dr tcr<~ 0i THEt Or crron.360

u IF C Drto<=9u ) AND C Dror>2( 0) RND Drn3 9TIHEN ur tl-brr.*mu6
80 IF CD> 0> AND ( DoDr r o)TE T,: t i:ttlpi
ru IF (DCC) AND C Drons,,rtc.) THEN U= 1 Te =t f or ta i I' irnd

0 D)i r --- r 1-P IHad w..inr,
I910 I F kDror,>Drto ) RNo rCK=1 ) THEN C)i r=DrlI+ P

I2 IF '0Oron< Dr to ) AND <CKw:0) THEN P ir:zrD, 1+P
7 1 IF U=1 THEN Dir~izrtlSO Tjlwind
' I F Dir >360 THEN DirMf'ir -360

I IF DirCO THEN Dir=Dir+360)
S lU E N C)
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20 ES-TItIw IL-Ir OF CEILING ,q's.rO, 'Er mS "0 ..P, ..",
30l

4 U I NPLIT

60 DEG
;'0 D r '-U 0
10 RE HD ,0
f0 nt-"Cei lin -

1 00 Bs=" meters'
I 1t INPUT "Set 1-1 if dist ance known. -1=2 i altitud 'e k nown. 1=3 if bot- known"

120 INPUT "Input upward el'a at ion angle '. E:cta in d._rees",Beta
130 ON I GOT' I l, In. InS
140 I 1 INPUT "Input dist cre NX) in metes nt dEpre:s,1on angle (Alpha, in degre

RVX.lpha
150 GOTO Compl
160 In2? INFLIT "Input aitdie .Z in meters t" ,presion angle '. Hipha. in degre

170 GOTO C omp -
180 InS: INPUT "Inp'ut distanae N) & altitJde ' n m ter ",&tZ
I90 GOT') Comp3
200 Comp I L C- , ' TwN t Lpra )+T"H-r 6*ta .'
21U -"I0 Out
22' C':'mp2, C.=Z* +THN.Eeta ' Twt wlpi,,
2 3O GOTO Out
,403 Co rp :; C="+rT -IJ Bp,_-
-fo Out: PRINT USING Tit-e:$ .K-E:-
260l Title: IIAGE 5:W 0.A, 5, 7 -u .
2:0 END

41



300
0( EST I MAT I ON OF EXT I rC T I ON u EFF 11C 1EN T TCEHE'E t "

4 0 INPUT

70 PEAD X.2
so INPUT "Set 1=1 if distncE kr,on, 1=2 if altitd- F.nr,,n T=3 it t..:r, In:
.1

90 ON I G'OTO Il ., In2, In3
700 In): INPUT "Input va1 'u of dist3nce ,.' an mt'er' 4
Si10 G]OTO Angle

720 I r,2: INPUT "Input valus of ait de t 2.o , in met r
130 GOTO A-ngqle
140 1n : INPUT "Input diSt anc , adr' altItud ,. . mt1Ors"..
750 GOTO I n
1610 Angle: INPUT "In put an i e *Bet: b teen I'rt''Li aird lant pat r laci.e

5 ", -Bet a
1 .0 In : IN P U T " I r, p u t t r t ic an d li n t p Et redi, m':..s .FP) : 1'h') . , n, s t

ndard: urata.'" ,P, P.7
7:30 i

9. CONu T I i ON

.1' 7) DEG
' 0 IJM ;4lSE 2 ]

.- ' .' 1'r I l!)r I Crr.> : , r.: t- to 1, t,{I,:,,Gete-s

240 1= 1) C1 '
: I Z ez: fr i n c ii

IF 17=? THEN E,-t ".f TN' 'N2

H3C I HJCh - L06kRP7I. P
2'c4  IF 2=0 THEN i -=t

-t T

410 OUTFIT
350
36:( Out PPINT U;INC Tit e HI. HIpln E

u20 T1 t Ia: II'M ]E Ca 3 H ..3 D E -. DDlE[r 6- .. '.
30ENr.
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I 0
2 ESTIMATION OF EXTINCTION -IEFFIC IENT TflqE> 4$ "P.4 PP>"'
30 USING TWO SLkNT PATHS
41J

50 INPUT

70 OTA 0, c, 0
$0 RE4', X I, X.2, Z
90 INPUT "Set 1=1 if distances knoI.=: 12 if altit dE knon. I=3 it' both kno'wn

'00 ON I GOTO l , Ir2, 1n3
1 10 n17 INPUT "Input .,lues of di Et nce S X .. ,2 chrc :NI.N2, in meter_' .- ls 2
120 GOTO Angle

}i, Ir2: INPUT "Input 3,alue of a1titude. ) Zin meter S.2
140 GOTO inale
i5' Ir,3: INPUT "Input distances ',1 >42 'ahEre .i >42' . r.d sititude ' ' in meter's"

1. 0 GOT: In
170 nql : INPUT "Input ana Z '61 .2 rnere 6<162, Det,,,en .,ert±:si and slant
p.atflS in de.arces".681,B62
120 In: INPUT "Input slant path rd, 3l,- ,RI , 'rre Pr >P2 in a',,- t an -arc ,

it " ,RI .R2

• -' ,:t i COMPLIT T ION

3 DIM A$C32]

X4' =i 1) 00
X- 0 ;2=)-4 '1 000 'D Chr* g *jrit: to k- lo 'Nt r2

-' 1000

I ,.4"Vs lume e inct ion c-oeftCzicr
2i0 B$=" 17,kin"

IF I. '3 IHEN GfrlOr H1t

3 B1 =TN, I /Z
... 0 2= T N,: X :2/1'

26 AIlf Rlpha=LOF.kR.2,-" I

3 0 IF 2=: THEN GOTO [-'t
H:4 I ph a= A 1p h a,' 2 k. I S' ) )--I.'O ,F2 .

0 GTO Out
7-0 V i t" IF B1<" THEN GOTO Be:t

:t0 Z=X2.'TAN ,2
320 B 1 = T gN I,-iZ

390 Bet: IF 62" >O THEN GC)TO Go
400 Z=X1/ ,TAN< 81

41 0 62 0TN,.. X 2.7

420 Go: IF 61'5 THEN GOT'O '.mall
430 AIpha=H].pha :. X',SIt 1 -' 2.'SIN. .'

440 GOTO Out
450 Small: Apha=Rlpha ,. X2t' + T N. 1 1WSINB2
460

170 I OUTPUT

480 1
490 Out: PRINT UrSING TitlE:AS$.Alphi.BS

00 Titlc: IMAGE o,5:- 32 .4, .C DDO. .

510 EN',
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0
20 ' ESTIMATION OF EXTINCTION COEFFICIENT 'S -. EL w- "PP'OLT"

USING VOLTAGES AS INPUT
40
50 ' INPUT
60
IO 0

80 READ X.2
90 INPUT "Set, I=1 if' distance known, 1=2 if altitude known. I=.3 if both k.no..'n"

100 ON I GOTO In1,1n2,1n3
10 In1: INPUT "Input value of distance k.., in mEt.Er.z" .

120 GOTO Angle
130 In2: INPUT "Input value of altitude ') in meters".
140 GOTO Angle

50 In3: INPUT "Input distance X') and altitude ' in mEters".; .
160 GOTO In
170 Angle: INPUT "Input. angle (Beta" betwfeen :ert i cal and Zlant patrh: in di-.rc
es" Beta
180 In: CHLL olt(RI,R2,VI .V2,1,B)
I ;(, #

200 ' CPMPUTAT IO N
210 I

-20 DEG
2-30 DIM AS32J
240 XN=X.'I' 00 I Ch .r' u ,Jr itS to ;ii, met er,-s
250 Z=Z, 1 00 0
ut-1 R ASo"V olume e tinct. son co eti c1e2nt
270 B$=" I.,':rn,"

280 IF 1=3 THEN Beta=ATN<X/'
290 Alpha=LOGR2,-RI)
300 IF Z=0 THEN GOTO Dist.
1 0 Alpha=Alph-'.* 1-l.COS,..eta

320 GOTO Out
330 Dist: klpha=AIpha.."(X*( 1.,'TAN( eta )-1.BtIN( a '
-40 1
350 i OUTPUT
360

370 Out: PRINT USING Tit.le;wSAlpha.Bs
380 Title: IMAGE @, 5X. 32A . D[,. DDD . .
390 END

410 I SUBPROGRAM TO CONVEPT VOLTHuIN TO NL'irHtmL

420
430 SUB VolttR1,R2,VI,V2,A,8

440 INPUT "Input voltage coefficient- ,H.B'".N.C
450 INPUT "Input voltages for wert ia1 and slant p-th; ' v' V2 .'here '..': :' ' V

460 R1=A+B*Yt
470 R2=A+B*V2
480 SUBEND
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1 3- til

*i liT ti-m£ J Lt'

r -  
I TUFtt ,,,H -I

E,'

Al,' i-il I NIphi [.,L , 0 '2'. F;

THT ~ T HEN Fi1 i-T I iLl a-i~ 14, if ' 7 l

* ,I= Ir C' ,, THL: ' .,ii, f-

- -" Eli ,--

E; T I

• , ; .t IF 82 . HEN
"V THf, &L

TT Hl E~ P4,,. , E:.* I. :'.,N bI

;j r4j

U~ ' ~ F t1T

tij II ~ t. 114 T Jrf

f . t Fl P: .rl> j I- t

tI tj Ir , 9 1

* i F I ru*, ,.) F - .F',,I 'I F2 '.Y2:' [

45



DISTRIBUTION LIST

Commander Dr. Frank D. Eaton
US Army Aviation Center Geophysical Institute
ATTN: ATZQ-D-MA University of Alaska
Fort Rucker, AL 36362 Fairbanks, AK 99701

John M. Hobbie Naval Weapons Center
c/o Kentron International Code 3918
2003 Byrd Spring Road ATTN: Dr. A. Shlanta
Huntsville, AL 35807 China Lake, CA 93555

Chief, Atmospheric Sciences Div Commanding Officer
Code ES-81 Naval Envir Prediction Rsch Facility
NASA ATTN; Library
Marshall Space Flight Center, AL 35812 Monterey, CA 93940

Commander Sylvania Elec Sys Western Div
US Army Missile Command ATTN: Technical Reports Lib
ATTN: DRDMI-RRA/Dr. 0. M. Essenwanger PO Box 205
Redstone Arselal, AL 35809 Mountain View, CA 94040

Commander Tetra Tech Inc.
US Army Missile Command ATTN: L. Baboolal
ATTN: DRSMI-OG (B. W. Fowler) 630 N. Rosemead Blvd.
Redstone Arsenal, AL 35809 Pasadena, CA 91107

Commander Geophysics Officer
US Army Missile R&D Command PMTC Code 3250
ATTN: DRDMI-TEM (R. Haraway) Pacific Missile Test Center
Redstone Arsenal, AL 35809 Point Mugu, CA 93042

Redstone Scientific Information Center Commander
ATTN: DRSMI-RPRD (Documents) Naval Ocean Systems Center
US Army Missile Command (Code 4473)
Redstone Arsenal, AL 35809 ATTN: Technical Library

San Diego, CA 92152
Commander
HQ, Fort Huachuca Meteorologist in Charge
ATTN: Tech Ref Div Kwajalein Missile Range
Fort Huachuca, AZ 85613 PO Box 67

APO San Francisco, CA 96555
Commander
US Army Intelligence Director

Center & School NOAA/ERL/APCL R31
ATTN: ATSI-CD-MD RB3-Room 567
Fort Huachuca, AZ 85613 Boulder, CO 80302

Commander Library-R-51-Tech Reports
US Army Yuma Proving Ground NOAA/ERL
ATTN: Technical Library 320 S. Broadway
Bldg 2105 Boulder, CO 80303
Yuma, AZ 85364



National Center for Atmos Rsch Mil Asst for Atmos Sci Ofc of
Mesa Library the Undersecretary of Defense
P. 0. Box 3000 for Rsch & Engr/E&LS - RM 3D129
Boulder, CO 80307 The Pentagon

Washington, DC 20301
Dr. B. A. Silverman D-1200
Office of Atmos Resources Management Dr. John L. Walsh
Water and Power Resources Service Code 6534
PO Box 25007 Navy Research Lab
Denver Federal Center, Bldg. 67 Washington,DC 20375
Denver, CO 80225

AFATL/DLODL
Hugh W. Albers (Executive Secretary) Technical Library
CAO Subcommittee on Atmos Rsch Eglin AFB, FL 32542
National Science Foundation Room 510
Washington, DC 2055 Naval Training Equipment Center

ATTN: Technical Information Center
Dr. Eugene W. Bierly Orlando, FL 32813
Director, Division of Atmos Sciences
National Scinece Foundation Technical Library
1800 G Street, N.W. Chemical Systems Laboratory
Washington, DC 20550 Aberdeen Proving Ground, MD 21010

Commanding Officer US Army Materiel Systems
Naval Research Laboratory Analysis Activity
Code 2627 ATTN: DRXSY-MP
Washington, DC 20375 APG, MD 21005

Defense Communications Agency Commander
Technical Library Center ERADCOM
Code 222 ATTN: DRDEL-PA/ILS/-ED
Washington, DC 20305 2800 Powder Mill Road

Adelphi, MD 20783
Director
Naval Research Laboratory Commander
Code 5530 ERADCOM
Washington, DC 20375 ATTN: DRDEL-PAO (M. Singleton)

2800 Powder Mill Road
Dr. J. M. MacCallum Adelphi, MD 20783
Naval Research Laboratory
Code 1409 Commander
Washington, DC 20375 ERADCOM

ATTN: DRDEL-ST-T (Dr. B. Zarwyn)
HQDA (DAMI-ISP/H. Tax) 2800 Powder Mill Road
Washington, DC 20314 Adelphi, MD 20783

02
HQDA (DAEN-RDM/Dr. de Percin)
Washington, DC 20314 Commander

Harry Diamond Laboratories
The Library of Congress ATTN: DELHD-CO
ATTN: Exchange & Gift Div 2800 Powder Mill Road
Washington, DC 20540 Adelphi, MD 20783
2



Chief Commander
Intel Mat Dev & Spt Ofc ERADCOM Scientific Advisor
ATTN: DELEW-WL-I ATTN: DRDEL-SA
Bldg 4554 Fort Monmouth, NJ 07703
Fort George G. Mead, MD 20755

Commander
Acquisitions Section, IRDB-D823 ERADCOM Tech Support Activity
Library & Info Svc Div, NOAA ATTN: DELSD-L
6009 Executive Blvd. Fort Monmouth, NJ 07703
Rockville, MD 20752

Commander
Naval Surface Weapons Center HQ, US Army Avionics R&D Actv
White Oak Library ATTN: DAVMA-O
Silver Spring, MD 20910 Fort Monmouth, NJ 07703

Air Force Geophysics Laboratory Commander
ATTN: LCC (A. S. Carten, Jr.) USA Elect Warfare Lab
Hanscom AFB, MA 01731 ATTN: DELEW-DA (File Cy)

Fort Monmouth, NJ 07703
Air Force Geophysics Laboratory
ATTN: LYD Commander
Hanscom AFB, MA 01731 US Army Electronics R&D Command

ATTN: DELCS-S
Meteorology Division Fort Monmouth, NJ 07703
AFGL/LY
Hanscom AFB, MA 01731 Commander

US Army Sdtellite Comm Agency
The Environmental Research ATTN: DRCPM-SC-3

Institute of MI Fort Monmouth, NJ 07703
ATTN: IRIA Library
PO Box 8618 Commander/Director
Ann Arbor, MI 48107 US Army Combat Survl & Target

Acquisition Laboratory

Mr. William A. Main ATTN: DELCS-D
USDA Forest Service Fort Monmouth, NJ 07703
1407 S. Harrison Road
East Lansing, MI 48823 Director

Night Vision & Electro-Optics Laboratory
Dr. A. D. Belmont ATTN: DELNV-L (Dr. R. Buser)
Research Division Fort Belvoir, VA 22060
PO Box 1249
Control Data Corp Project Manager
Minneapolis, MN 55440 FIREFINDER/REMBASS

ATTN: DRCPM-FFR-TM
Commander Fort Monmouth, NJ 07703
Naval Oceanography Command
Bay St. Louis, MS 39529 6585 TG/WE

Holloman AFB, NM 88330
Commanding Officer
US Army Armament R&D Command AFWL/Technical Library (SUL)
ATTN; DRDAR-TSS Bldg 59 Kirtland AFB, NM 87117
Dover, NJ 07801

AFWL/WE
Kirtland, AFB, NM 87117



TRASANA Inge Dirmhirn, Professor
ATTN: ATAA-SL (D. Anguiano,) Utah State University, UMC 48
WSMR, NM 88002 Logan, UT 84322

Commander Defense Technical Information Center
US Army White Sands Missile Range ATTN: DTIC-DDA-2
ATTN: STEWS-PT-AL Cameron Station, Bldg. 5
White Sands Missile Range, NM 88002 Alexandria, VA 22314

12
Rome Air Development Center
ATTN: Documents Library Commanding Officer
TSLD (Bette Smith) US Army Foreign Sci & Tech Cen
Griffiss AFB, NY 13441 ATTN: DRXST-IS1

220 7th Street, NE
Environmental Protection Agency Charlottesville, VA 22901
Meteorology Laboratory, MD 80
Rsch Triangle Park, NC 27711 Naval Surface Weapons Center

Code G65
Dahlgren, VA 22448

US Army Research Office
ATTN: DRXRO-PP Commander
PO Box 12211 US Army Night Vision
Rsch Triangle Park, NC 27709 & Electro-Optics Lab

ATTN: CELNV-D
Commandant Fort Belvoir, VA 22060
US Army Field Artillery School
ATTN: ATSF-CD-MS (Mr. Farmer) Commander
Fort Sill, OK 73503 USATRADOC

ATTN: ATCD-FA
Commandant Fort Monroe, VA 23651
US Army Field Artillery School
ATTN: ATSF-CF-R Commander
Fort Sill, OK 73503 USATRADOC

ATTN: ATCD-IR
Commandant Fort Monroe, VA 23651
US Army Field Artillery School
ATTN: Morris Swett Library Dept of the Air Force
Fort SilT, OK 73503 5WW/DN

Langley AFB, VA 23665
Commander
US Army Dugway Proving Ground US Army Nuclear & Cml Agency
ATTN: STEDP-MT-DA-M ATTN: MONA-WE

(Mr. Paul Carlson) Springfield, VA 22150
Dugway, UT 84022

Director
Commander US Army Signals Warfare Lab
US Army Dugway Proving Ground ATTN: DELSW-OS (Dr. Burkhardt)
ATTN: MT-DA-L Vint Hill Farms Station
Dugway, UT 84022 Warrenton, VA 22186

US Army Dugway Proving Ground Commander
ATTN: STEDP-MT-DA-T US Army Cold Regions Test Cen

(Dr. W. A. Peterson) ATTN: STECR-OP-PM
Dugway, UT 84022 APO Seattle, WA 98733



ATMOSPHERIC SCIENCES RESEARCH REFORTS

1. Lindberg, J. D. "An Improvement to a Method for Measuring the Absorption
Coefficient of Atmospheric Dust and other Strongly Absorbing
Powders," ECOM-5565, July 1975.

2. Avara, Elton P., "Mesoscale Wind Shears Derived from Thermal Winds,"
ECOM-5566, July 1975.

3. Gomez, Richard B., and Joseph H. Pierluissi, "Incomplete Gamma Function
Approximation for King's Strong-Line Trinsmittance Model,"
ECOM-5567, July 1975.

4. Blanco, A. J., and B. F. Engebos, "Ballistic Wind Weighting Functions for
Tank Projectiles," ECOM-5568, August 1975.

5. Taylor, Fredrick J., Jack Smith, and Thomas H. Pries, "Crosswind
Measurements through Pattern Recognition Techniques," ECOM-5569,
July 1975.

6. Walters, D. L., "Crosswind Weighting Functions for Direct-Fire
Projectiles," ECOM-5570, August 1975.

7. Duncan, Louis D., "An Improved Algorithm for the Iterated Minimal
Information Solution for Remote Sounding of Temperature," ECOM-5571,
August 1975.

8. Robbiani, Raymond L., "Tactical Field Demonstration of Mobile Weather

Radar Set AN/TPS-41 at Fort Rucker, Alabama," ECOM-5572, August
1975.

9. Miers, B., G. Blackman, D. Langer, and N. Lorimier, "Analysis of SMS/GOES
Film Data," ECOM-5573, September 1975.

10. Manquero, Carlos, Louis Duncan, and Rufus Bruce, "An Indication from
Satellite Measurements of Atmospheric CO2 Variability," ECOM-5574,
September 1975.

11. Petracca, Carmine, and James D. Lindberg, "Installation and Operation of
an Atmospheric Particulate Collector," ECOM-5575, September 1975.

12. Avara, Elton P., and George Alexander, "Empirical Investigation of Three
Iterative Methods for Inverting the Radiative Transfer Equation,"
ECOM-5576, October 1975.

13. Alexander, George D., "A Digital Data Acquisition Interface for the SMS
Direct Readout Ground Station - Concept and Preliminary Design,"
ECOM-5577, October 1975.

14. Cantor, Israel, "Enhancement of Point Source Thermal Radiation Under
Clouds in a Nonattenuating Medium," ECOM-5578, October 1975.



15. Norton, Colburn, and Glenn Hoidale, "The Diurnal Variation of Mixing
Height by Month over White Sands Missile Range, NM," ECOM-5579,
November 1975.

16. Avara, Elton P., "On the Spectrum Analysis of Binary Data," ECOM-5580,
November 1975.

17. Taylor, Fredrick J., Thomas H. Pries, and Chao-Huan Huang, "Optimal Wind
Velocity Estimation," ECOM-5581, December 1975.

18. Avara, Elton P., "Some Effects of Autocorrelated and Cross-Correlated
Noise on the Analysis of Variance," ECOM-5582, December 1975.

19. Gillespie, Patti S., R. L. Armstrong, and Kenneth 0. White, "The Spectral
Characteristics and Atmospheric CO2 Absorption of the Ho 3 :YLF Laser
at 2.05pm," ECOM-5583, December 1975.

20. Novlan, David J., "An Empirical Method of Forecasting Thunderstorms for
the White Sands Missile Range," ECOM-5584, February 1976.

21. Avara, Elton P., "Randomization Effects in Hypothesis Testing with
Autocorrelated Noise," ECOM-5585, February 1976.

22. Watkins, Wendell R., "Improvements in Long Path Absorption Cell
Measurement," ECOM-5586, March 1976.

23. Thomas, Joe, George D. Alexander, and Marvin Dubbin, "SATTEL - An Army
Dedicated Meteorological Telemetry System," ECOM-5587, March 1976.

24. Kennedy, Bruce W., and Delbert Bynum, "Army User Test Program for the
RDT&E-XM-75 Meteorological Rocket," ECOM-5588, April 1976.

25. Barnett, Kenneth M., "A Description of the Artillery Meteorological
Comparisons at White Sands Missile Range, October 1974 - December1974 ('PASS' - Prototype Artillery [Meteorological] Subsystem),"
ECOM-5589, April 1976.

26. Miller, Walter B., "Preliminary Analysis of Fall-of-Shot From Project
'PASS'," ECOM-5590, April 1976.

27. Avara, Elton P., "Error Analysis of Minimum Information and Smith's
Direct Methods for Inverting the Radiative Transfer Equation,"
ECOM-5591, April 1976.

28. Yee, Young P., James D, Horn, and George Alexander, "Synoptic Thermal
Wind Calculations from Radiosonde Observations Over the Southwestern
United States," ECOM-5592, May 1976.



29. Duncan, Louis D., and Mary Ann Seagraves, "Applications of Empirical
Corrections to NOAA-4 VTPR Observations," ECOM-5593, May 1976.

30. Miers, Bruce T., and Steve Weaver, "Applications of Meteorological
Satellite Data to Weather Sensitive Army Operations," ECOM-5594, May
1976.

31. Sharenow, Moses, "Redesign and Improvement of Balloon ML-566," ECOM-5595,
June 1976.

32. Hansen, Frank V., "The Depth of the Surface Boundary Layer," ECOM-5596,
June 1976.

33. Pinnick, R. G., and E. B. Stenmark, "Response Calculations for a
Commerical Light-Scattering Aerosol Counter," ECOM-5597, July 1976.

34. Mason, J., and G. B. Hoidale, "Visibility as an Estimator of Infrared
Transmittance," ECOM-5598, July 1976.

35. Bruce, Rufus E., Louis D. Duncan, and Joseph I. Pierluissi, "Experimental
Study of the Relationship Between Radiosonde Temperatures and
Radiometric-Area Temperatures," ECOM-5599, August 1976.

36. Duncan, Louis D., "StratoSpheric Wind Shear Computed from Satellite
Thermal Sounder Measurements," ECOM-5800, September 1976.

37. Taylor, F., P. Mohan, P. Joseph, and T. Pries, "An All Digital Automated
Wind Measurement System," ECOM-5801, September 1976.

38. Bruce, Charles, "Development of Spectrophones for CW and Pulsed Radiation
Sources," ECOM-5802, September 1976.

39. Duncan, Louis D., and Mary Ann Seagraves, "Another Method for Estimating
Clear Column Radiances," ECOM-5803, October 1976.

40. Blanco, Abel J., and Larry E. Taylor, "Artillery Meteorological Analysis
of Project Pass," ECOM-5804, October 1976.

41. Miller, Walter, and Bernard Engebos, "A Mathematical Structure for
Refinement of Sound Ranging Estimates," ECOM-5805, November 1976.

42. Gillespie, James B., and James D. Lindberg, "A Method to Obtain Diffuse
Reflectance Measurements from 1.0 and 3.Om Using a Cary 171
Spectrophotoineter," ECOM-5806, November 1976.

43. Rubio, Roberto, and Robert 0. Olsen, "A Study of the Effects of
Temperature Variations on Radio Wave Absorption," ECOM-5807,
November 1976.



44. Ballard, Harold N., Temperature Measurements in the Stratosphere from
Balloon-Borne Instrument Platforms, 1968-1975," ECOM-5808, December
1976.

45. Monahan, H. H., "An Approach to the Short-Range Prediction of Early
Morning Radiation Fog," ECOM-5809, January 1977.

46. Engebos, Bernard Francis, "Introduction to Multiple State Multiple Action
Decision Theory and Its Relation to Mixing Structures," ECOM-5810,
January 1977.

47. Low, Richard D. H., "Effects of Cloud Particles on Remote Sensing from
Space in the 10-Micrometer Infrared Region," ECOM-5811, January
1977.

48. Bonner, Robert S., and R. Newton, "Application of the AN/GVS-! Laser
Rangefinder to Cloud Base Height Measurements," ECOM-5812, February
1977.

49. Rubio, Roberto, "Lidar Detection of iubvisible Reentry Vehicle Erosive
Atmospheric Material," ECOM-,613, March 1977.

50. Low, Richard D. H., and J. D. Horn, "Mesoscale Determination of Cloud-Top
Height: Probleis and Solutions," ECOM-5814, March 1977.

51. Duncan, Louis D., and Mary Ann Seagraves, "Evaluation of the NOAA-4 VTPR
Thermal Winds for Nuclear Fallout Predictions," ECOM-5815, March
1977.

52. Randhawa, Jagir S., M. Izquierdo, Carlos McDonald, and Zvi Salpeter,
"Stratospheric Ozone Density as Measured by a Chemiluminescent
Sensor During the Stratcom VI-A Flight," ECOM-5816, April 1977.

53. Rubio, Roberto, and Mike Izquierdo, "Measurements of Net Atmospheric
Irradiance in the 0.7- to 2.8-Micrometer Infrared Region,"
ECOM-5817, May 1977.

54. Ballard, Harold N., Jose M. Serna, and Frank P. Hudson, Consultant fe..
Chemical Kinetics, "Calculation of Selected Atmospheric Composition
Parameters for the Mid-Latitude, September Stratosphere," ECOM-5818,
May 1977.

55. Mitchell, J. D., R. S. Sagar, and R. 0. Olsen, "Positive Ions in the
Middle Atmosphere During Sunrise Conditions," ECOM-5819, May 1977.

56. White, Kenneth 0., Wendell R. Watkins, Stuart A. Schleusener, and Ronald
L. Johnson, "Solid-State Laser Wavelength Identification Using a
Reference Absorber," ECOM-5820, June 1977.

57. Watkins, Wendell R., and Richard G. Dixon, "Automition of Long-Path
Absorption Cell Measurements," ECOM-5821, Jine 1977.

-

.... . .. . hm~m i t .. . . .... . . . .. j



b8. Taylor, S. E., J. M. Davis, and J. B. Mason, "Analysis of Observed Soil
Skin Moisture Effects on Reflectance," ECOM-5822, June 1977.

59. Duncan, Louis D., and Mary Ann Seagraves, "Fallout Predictions Computed
from Satellite Derived Winds," ECOM-5823, June 1977.

60. Snider, D. E., D. G. Murcray, F. H. Murcray, and W. J. Williams,
"Investigation of High-Altitude Enhanced Infrared Backround
Emissions," (U), SECRET, ECOM-5824, June 1977.

71. Dubbin, Marvin H., and Dennis Hall, "Synchronous Meteorological Satellite
Direct Readout Ground System Digital Video Electronics," ECOM-5825,
June 1977.

62. Miller, W., and B. Engebos, "A Preliminary Analysis of Two Sound Ranging
Algorithms," ECOM-5826, July 1977.

63. Kennedy, Bruce W., and James K. Luers, "Ballistic Sphere Techniques for
Measuring Atmospheric Parameters," ECOM-5827, July 1977.

64. Duncan, Louis D., "Zenith AngTe Variation of Satellite Thermal Sounder
Measurements," ECOM-5828, August 1977.

65. Hansen, Frank V., "The Critical Richardson Number," ECOM-5829, September
1977.

66. Ballard, Harold N., and Frank P. Hudson (Compilers), "Stratospheric
Composition Balloon-Borne Experiment," ECOM-5830, October 1977.

67. Barr, William C., and Arnold C. Peterson, "Wind Measuring Accuracy Test
of Meteorological Systems," ECOM-5831, November 1977.

68. Ethridge, G. A., and F. V. Hansen, "Atmospheric Diffusion: Similarity
Theory and Empirical Derivations for Use in Boundary Layer Diffusion
Problems," ECOM-5832, November 1977.

69. Low, Richard 0. H., "The Internal Cloud Radiation Field and a Technique
for Determining Cloud Blackness," ECOM-5833, December 1977.

70. Watkins, Wendell R., Kenneth 0. White, Charles W. Bruce, Donald L.
Walters, and James D. Lindberg, "Measurements Required for
Prediction of High Energy Laser Transmission," ECOM-5834, December
1977.

71. Rubio, Robert, "Investigation of Abrupt Decreases in Atmospherically
Backscattered Laser Energy," ECOM-5835, December 1977.

72. Monahan, H. H., and R. M. Cionco, "An Interpretative Review of Existing
Capabilities for Measuring and Forecasting Selected Weather
Variables (Emphasizing Remote Means)," ASL-TR-O001, January 1978.

t



73. Heaps, Melvin G., "The 1979 Solar Eclipse and Validation of D-Region
Models," ASL-TR-0002, March 1978.

74. Jennings, S. G., and J. B. Gillespie, "M.I.E. Theory Sensitivity Studies
- The Effects of Aerosol Complex Refractive Index and Size
Distribution Variations on Extinction and Absorption Coefficients,
Part II: Analysis of the Computational Results," ASL-TR-0003, March
1978.

75. White, Kenneth 0., et al, "Water Vapor Continuum Absorption in the 3.5km
to 4.Opm Region," ASL-TR-0004, March 1978.

76. Olsen, Robert 0., and Bruce W. Kennedy, "ABRES Pretest Atmospheric
Measurements," ASL-TR-0005, April 1978.

77. Ballard, Harold N., Jose M. Serna, and Frank P. Hudson, "Calculation of
Atmospheric Composition in the High Latitude September
Stratosphere," ASL-TR-0006, May 1978.

78. Watkins, Wendell R., et al, "Water Vapor Absorption Coefficients at HF
Laser Wavelengths," ASL-TR-0007, May 1978.

79. Hansen, Frank V., "The Growth and Prediction of Nocturnal Inversions,"
ASL-TR-0008, May 1978.

80. Samuel, Christine, Charles Bruce, and Ralph Brewer, "Spectrophone
Analysis of Gas Samples Obtained at Field Site," ASL-TR-0009, June
1978.

81. Pinnick, R. G., et al., "Vertical Structure in Atmospheric Fog and Haze
and its Effects on IR Extinction," ASL-TR-O010, July 1978.

82. Low, Richard D. H., Louis D. Duncan, and Richard B. Gomez, "The
Microphysical Basis of Fog Optical Characterization," ASL-TR-O011,
August 1978.

83. Heaps, Melvin G., "The Effect of a Solar Proton Event on the Minor
Neutral Constituents of the Summer Polar Mesosphere," ASL-TR-O012,
August 1978.

84. Mason, James B., "Light Attenuation in Falling Snow," ASL-TR-0013, August
1978.

85. Blanco, Abel J., "Long-Range Artillery Sound Ranging: 'PASS' Meteorolog-
ical Application," ASL-TR-0014, September 1978.

86. Heaps, M. G., and F. E. Niles, "Modeling of Ion Chemistry of the
D-Region: A Case Study Based Upon the 1966 Total Solar Eclipse,"
ASL-TR-0015, September 1978.



87. Jennings, S. G., and R. G. Pinnick, "Effects of Particulate Complex
Refractive Index and Particle Size Distribution Variations on
Atmospheric Extinction and Absorption for Visible Through
Middle-Infrared Wavelengths," ASL-TR-0016, September 1978.

88. Watkins, Wendell R., Kenneth 0. White, Lanny R. Bower, and Brian Z.
Sojka, "Pressure Dependence of the Water Vapor Continuum Absorption
in the 3.5- to 4.0-Micrometer Region," ASL-TR-0017, September 1978.

89. Miller, W. B., and B. F. Engebos, "Behavior of Four Sound Ranging
Techniques in an Idealized Physical Environment," ASL-TR-0018,
September 1978.

90. Gomez, Richard G., "Effectiveness Studies of the CBU-88/B Bomb, Cluster,
Smoke Weapon," (U), CONFIDENTIAL ASL-TR-0019, September 1978.

91. Miller, August, Richard C. Shirkey, and Mary Ann Seagraves, "Calculation
of Thermal Emission from Aerosols Using the Doubling Technique,"
ASL-TR-0020, November 1978.

92. Lindberg, James D., et al, "Measured Effects of Battlefield Dust and
Smoke on Visible, Infrared, and Millimeter Wavelengths
Propagation: A Preliminary Report on Dusty Infrared Test-I
(DIRT-I)," ASL-TR-0021, January 1979.

93. Kennedy, Bruce W., Arthur Kinghorn, and B. R. Hixon, "Engineering Flight
Tests of Range Meteorological Sounding System Radiosonde,"
ASL-TR-0022, February 1979.

94. Rubio, Roberto, and Don Hoock, "Microwave Effective Earth Radius Factor
Variability at Wiesbaden and Balboa," ASL-TR-0023, February 1979.

95. Low, Richard D. H., "A Theoretical Investigation of Cloud/Fog Optical
Properties and Their Spectral Correlations, "ASL-TR-0024, February
1979.

96. Pinnick, R. G., and H. J. Auvermann, "Response Characteristics of
Knollenberg Light-Scattering Aerosol Counters," ASL-TR-0025,
February 1979.

97. Heaps, Melvin G., Robert 0. Olsen, and Warren W. Berning, "Solar Eclipse
1979, Atmospheric Sciences Laboratory Program Overview,"
ASL-TR-0026, February 1979.

98. Blanco, Abel J., "Long-Range Artillery Sound Ranging: 'PASS' GR-8 Sound
Ranging Data," ASL-TR-0027, March 1979.

99. Kennedy, Bruce W., and Jose M. Serna, "Meteorological Rocket Network
System Reliability," ASL-TR-0028, March 1979.



100. Swingle, Donald M., "Effects of Arrival Time Errors in Weighted Range
Equation Solutions for Linear Base Sound Ranging," ASL-TR-0029,
April 1979.

101. Umstead, Robert K., Ricardo Pena, and Frank V. Hansen, "KWIK: An
Algorithm for Calculating Munition Expenditures for Smoke
Screening/Obscuration in Tactical Situations," ASL-TR-0030, April
1979.

102. D'Arcy, Edward M., "Accuracy Validation of the Modified Nike Hercules
Radar," ASL-TR-0031, May 1979.

103. Rodriguez, Ruben, "Evaluation of the Passive Remote Crosswind Sensor,"
ASL-TR-0032, May 1979.

104. Barber, T. L., and R. Rodriguez, "Transit Time Lidar Measurement of
Near-Surface Winds in the Atmosphere," ASL-TR-0033, May 1979.

105. Low, Richard D. H., Louis D. Duncan, and Y. Y. Roger R. Hsiao, "Micro-
physical and Optical Properties of California Coastal Fogs at Fort
Ord," ASL-TR-0034, June 1979.

106. Rodriguez, Ruben, and William J. Vechione, "Evaluation of the Saturation
Resistant Crosswind Sensor," ASL-TR-0035, luly 1979.

107. Ohmstede, William D., "The Dynamics of Material Layers," ASL-TR-0036,
July 1979.

108. Pinnick, R. G., S. G. Jennings, Petr Chylek, and H. J. Auvermann,
"Relationships between IR Extinction Absorption, and Liquid Water
Content of Fogs," ASL-TR-0037, August 1979.

109. Rodriguez, Ruben, and William J. Vechione, "Performance Evaluation of
the Optical Crosswind Profiler," ASL-TR-0038, August 1979.

110. Miers, Bruce T., "Precipitation Estimation Using Satellite Data,"
ASL-TR-0039, September 1979.

I. Dickson, David H., and Charles M. Sonnenschein, "Helicopter Remote Wind
Sensor System Description," ASL-TR-0040, September 1979.

112. Heaps, Melvin G., and Joseph M. Heimerl, "Validation of the Dairchem
Code, I: Quiet Midlatitude Conditions," ASL-TR-0041, September
1979.

113. Bonner, Robert S., and William J. Lentz, "The Visioceilometer: A
Portable Cloud Height and Visibility Indicator," ASL-TR-0042,
October 1979.

114. Cohn, Stephen L., "The Role of Atmospheric Sulfates in Battlefield
Obscurations," ASL-TR-0043, October 1979.



115. Fawbush, E. J., et al, "Characterization of Atmospheric Conditions at
the High Energy Laser System Test Facility (HELSTF), White Sands
Missile Range, New Mexico, Part I, 24 March to 8 April 1977,"
ASL-TR-0044, November 1979.

116. Barber, Ted L., "Short-Time Mass Variation in Natural Atmospheric Dust,"
ASL-TR-0045, November 1979.

117. Low, Richard D. H., "Fog Evolution in the Visible and Infrared Spectral
Regions and its Meaning in Optical Modeling," ASL-TR-0046, December
1979.

118. Duncan, Louis D., et al, "The Electro-Optical Systems Atmospheric
Effects Library, Volume I: Technical Documentation," ASL-TR-0047,
December 1979.

119. Shirkey, R. C., et al, "Interim E-O SAEL, Volume II, Users Manual,"
ASL-TR-0048, December 1979.

120. Kobayashi, H. K., "Atmospheric Effects on Millimeter Radio Waves,"
ASL-TR-0O49, January 1980.

121. Seagraves, Mary Ann, and Louis D. Duncan, "An Analysis of Transmittances
Measured Through Battlefield Dust Clouds," ASL-TR-O05O, February
1980.

122. Dickson, David H., and Jon E. Ottesen, "Helicopter Remote Wind Sensor
Flight Test," ASL-TR-0051, February 1980.

123. Pinnick, R. G., and S. G. Jennings, "Relationships Between Radiative
Properties and Mass Content of Phosphoric Acid, HC, Petroleum Oil,
and Sulfuric Acid Military Smokes," ASL-TR-0052, April 1980.

124. Hinds, B. D., and J. B. Gillespie, "Optical Characterization of
Atmospheric Particulates on San Nicolas Island, California,"
ASL-TR-0053, April 1980.

125. Miers, Bruce T., "Precipitation Estimation for Military Hydrology,"
ASL-TR-0054, April 1980.

126. Stenmark, Ernest B., "Objective Quality Control of Artillery Computer
Meteorological Messages," ASL-TR-0055, April 1980.

127. Duncan, Louis D., and Richard D. H. Low, "Bimodal Size Distribution
Models for Fogs at Meppen, Germany," ASL-TR-0056, April 1980.

128. Olsen, Robert 0., and Jagir S. Randhawa, "The Influence of Atmospheric
Dynamics on Ozone and Temperature Structure," ASL-TR-0057, May 1980.

.............. . ... .. | I .. .... .. . ...



129. Kennedy, Bruce W., et al, "Dusty Infrared Test-Il (DIRT-II) Program,"
ASL-TR-O058, May 1980.

130. Heaps, Melvin G., Robert 0. Olsen, Warren Berning, John Cross, and
Arthur Gilcrease, "1979 Solar Eclipse, Part I - Atmospheric Sciences
Laboratory Field Program Summary," ASL-TR-0O59, May 1980

131. Miller, Walter B., "User's Guide for Passive Target Acquisition Program
Two (PTAP-2)," ASL-TR-0O60, June 1980.

132. Holt, E. H., editor, "Atmospheric Data Requirements for Battlefield
Obscuration Applications," ASL-TR-0061, June 1980.

133. Shirkey, Richard C., August Miller, George H. Goedecke, and Yugal Behl,
"Single Scattering Code AGAUSX: Theory, Applications, Comparisons,
and Listing," ASL-TR-0062, July 1980.

134. Sojka, Brian Z., and Kenneth 0. White, "Evaluation of Specialized
Photoacoustic Absorption Chambers for Near-Millimeter Wave (NMMW)
Propagation Measurements," ASL-TR-0063, August 1980.

135. Bruce, Charles W., Young Paul Yee, and S. G. Jennings, "In Situ
Measurement of the Ratio of Aerosol Absorption to Extinction
Coefficient," ASL-TR-0064, August 1980.

136. Yee, Youn- ' Paul, Charles W. Bruce, and Ralph J. Brewer,
"Gaseous/l articulate Absorption Studies at WSMR using Laser Sourced
Spectrophones,' ASL-TR-0065, June 1980.

137. Lindberg, James P.., Radon B. Loveland, Melvin Heaps, James B. Gillespie,
and Andrew F. Lewis, "Battlefield Dust and Atmospheric
Characterization Measurements During West German Summertime
Conditions in Support of Grafenwohr Tests," ASL-TR-0066, September
1980.

138. Vechione, W. J., "Evaluation of the Environmental Instruments,
Incorporated Series 200 Dual Component Wind Set," ASL-TR-0067,
September 1980.

139. Bruce, C. W., Y. P. Yee, B. D. Hinds, R. G. Pinnick, R. J. Brewer, and
J. Minjares, "Initial Field Measurements of Atmospheric Absorption
at 9vm to 11om Wavelengths," ASL-TR-0068, October 1980.

140. Heaps, M. G., R. 0. Olsen, K. D. Baker, D. A. Burt, L. C. Howlett, L. L.
Jensen, E. F. Pound, and G. D. Allred, "1979 Solar Eclipse: Part II
Initial Results for Ionization Sources, Electron Density, and Minor
Neutral Constituents," ASL-TR-0069, October 1980.

141. Low, Richard 0. H., "One-Dimensional Cloud Microphysical Models for
Central Europe and their Optical Properties," ASL-TR-0070, October
1980.

: .. ~ - . .. .i I



142. Duncan, Louis D., James D. Lindberg, and Radon B. Loveland, "An
Empirical Model of the Vertical Structure of German Fogs,"
ASL-TR-0071, November 1980.

143. Duncan, Louis D., 1981, "EOSAEL 80, Volume 1, Technical Documentation,"
ASL-TR-0072, January 1981.

144. Shirkey, R. C., and S. G. O'Brien, "EOSAEL 80, Volume II, Users Manual,"
ASL-TR-0O73, January 1981.

145. Bruce, C. W., "Characterization of Aerosol Nonlinear Effects on a
High-Power CO2 Laser Beam," ASL-TR-0074, February 1981.

146. Duncan, Louis D., and James D. Lindberg, "Air Mass Considerations in Fog
Optical Modeling," ASL-TR-0075, February 1981.

147. Kunkel, Kenneth E., "Evaluation of a Tethered Kite Anemometer,"
ASL-TR-0076, February 1981.

148. Kunkel, K. E., et al, "Characterization of Atmospheric Conditions at the
High Energy Laser System Test Facility (HELSTF) White Sands Missile
Range, New Mexico, August 1977 to October 1978, Part I, Optical
Turbulence, Wind, Water Vapor Pressure, Temperature," ASL-TR-0077,
February 1981.

149. Miers, Bruce T., "Weather Scenarios for Central Germany," ASL-TR-0078,
February 1981.

150. Cogan, James L., "Sensitivity Analysis of a Mesoscale Moisture Model,"
ASL-TR-0079, March 1981.

151. Brewer, R. J., C. W. Bruce, and J. L. Mater, "Optoacoustic Spectroscopy
of C2H, at the 9um and 104m C120 2" Laser Wavelengths," ASL-TR-0080,
March 1981.

152. Swingle, Donald M., "Reducible Errors in the Artillery Sound Ranging
Solution, Part I: The Curvature Correction" (U), SECRET,
ASL-TR-0081, April 1981.

153. Miller, Walter B., "The Existence and Implications of a Fundamental
System of Linear Equations in Sound Ranging" (U), SECRET,
ASL-TR-0082, April 1981.

154. Bruce, Dorothy, Charles W. Bruce, and Young Paul Yee, "Experimentally
Determined Relationship Between Extinction and Liquid Water
Content," ASL-TR-0083, April 1981.

155. Seagraves, Mary Ann, "Visible and Infrared Obscuration Effects of Ice
Fog," ASL-TR-0084, May 1981.



156. Watkins, Wendell R., and Kenneth 0. White, "Wedge Absorption Remote
Sensor," ASL-TR-0085, May 1981.

157. Watkins, Wendell R., Kenneth 0. White, and Laura J. Crow, "Turbulence
Effects on Open Air Multipaths," ASL-TR-0086, May 1981.

158. Blanco, Abel J., "Extending Application of the Artillery Computer
Meteorological Message," ASL-TR-0087, May 1981.

159. Heaps, M. G., D. W. Hoock, R. 0. Olsen, B. F. Engebos, and R. Rubio,
"High Frequency Position Location: An Assessment of Limitations and
Potential Improvements," ASL-TR-0088, May 1981.

160. Watkins, Wendell R., and Kenneth 0. White, "Laboratory Facility for
Measurement of Hot Gaseous Plume Radiative Transfer," ASL-TR-0089,
June 1981.

161. Heaps, M. G., "Dust Cloud Models: Sensitivity of Calculated
Transmittances to Variations in Input Parameters," ASL-TR-0090, June
1981.

162. Seagraves, Mary Ann, "Some Optical Properties of Blowing Snow,"
ASL-TR-0091, June 1981.

163. Kobayashi, Herbert K., "Effect of Hail, Snow, and Melting Hydrometeors
on Millimeter Radio Waves," ASL-TR-0092, July 1981.

164. Cogan, James L., "Techniques for the Computation of Wind, Ceiling, and
Extinction Coefficient Using Currently Acquired RPV Data,"
ASL-TR-0093, July 1981.

US GOVERNMENT PRINTINGOFFICE 1981-777-026 2

... ... .. . . . . . . . .. . . . . . . ...




